Objective: The purpose of this study was to assess the effectiveness of thermal warming mattresses compared with wrapping in a polyethylene sheet during resuscitation in extremely low gestational age newborns (ELGANs) in preventing admission hypothermia in the neonatal intensive care unit.
Introduction
Despite drying and radiant warming after birth per resuscitation guidelines, 1 extremely low gestational age newborns (ELGANs) remain vulnerable at birth to hypothermia with associated increased mortality. Cold stress has been related to delays in transition, respiratory distress, hypoxia, metabolic derangements, coagulation defects, delayed growth velocity or weight loss, acute renal failure, necrotizing enterocolitis and death. [2] [3] [4] [5] [6] [7] In 2007, 50% of ELGANs had at least mild hypothermia, 8 upon admission to the neonatal intensive care unit at the University of Oklahoma. The need for interventions to prevent hypothermia for the most vulnerable infants remains urgent.
Recent studies of polyethylene (plastic) occlusive wrap immediately after delivery of small preterms have shown a decrease in the incidence of hypothermia and an increase in the temperature on admission. Plastic wrap is a novel and inexpensive tool to reduce the risk of hypothermia in the delivery room with ELGANs. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Another method of preventing hypothermia during resuscitation is use of a sodium acetate mattress. Previously, thermal mattresses were shown effective at rewarming and maintaining euthermia during transport in infants p1500 g. [21] [22] [23] [24] [25] [26] Only one unpublished paper and one retrospective observational study have evaluated their use in the delivery room. 21 No randomized clinical trials to date have compared the effectiveness of these two devices, the sodium acetate transport mattress and polyethylene plastic wrap, as preventive measures for admission hypothermia in ELGANs.
Methods
This study was approved by the institutional review board at the University of Oklahoma Health Sciences Center, Oklahoma City, Oklahoma, in April 2007, and enrollment was conducted from May 2007 to November 2008. The study was prospective and randomized in design. Blinding of researchers to the intervention was not possible in this trial. It was determined that a sample size of 36 (18 in both treatment groups) would provide 90% power, on the basis of a two-tailed a of 0.05, to detect a statistically significant and clinically important inter-group difference in axillary temperature of 0.9 1C assuming a standard deviation of 0.8 1C.
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Infants delivered vaginally or by cesarean section with a gestational age between 24 and 28 weeks and a birth weight of p1250 g were eligible for the study. Infants with major congenital anomalies with open skin lesions were considered ineligible. Informed consent was obtained from the parents before delivery. In the delivery room, the resuscitation team opened a sealed opaque envelope that listed the particular computer-generated randomization treatment group assignment to either the wrap or the sodium acetate mattress group. Maternal oral temperature and delivery room temperatures were recorded near delivery. The baby was received from the obstetrician in a prewarmed towel and then placed under the radiant warmer at 100% power immediately on the plastic wrap or mattress. We used the only available patented polyethylene product approved for the prevention of hypothermia in neonates on the market. Neowrap (Fisher and Paykel, Auckland, New Zealand) is a square sheet of transparent polyethylene (60 cm Â 60 cm). In the case of the plastic wrap, while one resuscitation team member cut the umbilical cord, another team member was placing the pulse oximeter probe on the patient, and the third team member was wrapping the patient. Only the head of the patient was dried before being wrapped. With the patient supine on the polyethylene sheet, each cephalad corner of the plastic was grasped and brought across the neckline to the contralateral side and tucked under the patient. Next, the caudad portion of the plastic wrap was brought up toward the midline and tucked around the patient. The transwarming mattress, Infatherm (Children's Medical Ventures, Monroeville, PA, USA), was used as the comparison device. Infatherm is composed of a bioxynylon pouch/bag with the surface that is in contact with the infant covered with an interwoven cloth backing that prevents any heat damage to the infant's skin. The product is stored at room temperature with a starting temperature of 24 1C that heats up to maximum temperature of 40 1C after activation. The bag contains sodium acetate (food grade), water and thickeners. This mattress was activated at the point in time that the obstetrical staff was ready to hand off the patient to the neonatal team. In the mattress group, the infants were routinely dried under the radiant warmer.
Following placement of the device, a prewarmed cotton/polyester knit hat was placed on each patient. Standard resuscitative measures as described by the Neonatal Resuscitation Program were then used. The baby was transported in a prewarmed incubator and moved to the neonatal intensive care unit, where (s)he was placed in a servo-controlled warming device. The transport incubator temperature was recorded before transport and the subject's axillary temperature was recorded immediately upon arrival to the neonatal intensive care unit. The axillary temperature was measured using a digital thermometer manufactured by Kerma Medica Products, Portsmouth, VA, USA (Model 110-KMP). The babies underwent routine and necessary care for the remainder of their stay. The primary outcome for this study was comparison of axillary temperatures recorded at the time of neonatal intensive care unit admission between the two groups. Secondary descriptors, such as race, sex, gestational age and weight, incidence of intraventricular hemorrhage, Clinical Risk Index for Babies scores and mortality rates were collected and analyzed.
Statistical methods
The comparison of study groups on continuous variables was conducted using a two-tailed t-test for variables with a normal distribution, and two-tailed Wilcoxon Mann-Whitney test for variables with a non-parametric distribution. Categorical variables were analyzed using w 2 -test or Fisher's Exact test where appropriate. Data were analyzed using SAS (Version 9.1) software (SAS Institute Inc. Cary, NC, USA). All analyses are carried out with a significance level of 0.0471 based on the O'Brien-Fleming method for a adjustment of group sequential monitoring for the final analysis. 27 Results A total of 39 subjects were enrolled in the study. Mattress and wrap groups were comparable in all patient characteristics with no statistically significant inter-group differences (Table 1) . We found a significant difference between admission temperatures favoring the mattress group ( Table 2) .
Three of the thirty-nine randomized patients were not included in the final analysis: birth weight >1250 g in one, randomization to the wrong group in another and unrecorded delivery room temperature in the final (Figure 1 ). However, a separate intent-totreat analysis including all patients initially enrolled in the trial produced very similar results with no alteration in the final conclusions. Admission temperatures were significantly higher in the mattress group than the wrap group (P ¼ 0.0445, 95% confidence interval around the difference: (0.01, 0.91)). Admission Exothermic mattresses vs polyethylene wrap in resuscitation P Simon et al temperature was not significantly correlated with any other continuous study variable (including delivery room temperature).
There was also no evidence of a difference in mean admission temperature by categorical variables (that is, necrotizing enterocolitis and so on). Overall, 41% of ELGANs randomized to the mattress group and 68% of ELGANs randomized to the polyethylene group had admission hypothermia (P ¼ 0.10) with admission temperature <36.5 1C. The mean delivery room temperature in the obstetrical suites (23.9 ± 2.4) vs the operating room (22.2 ± 2.9) was not statistically significant (P ¼ 0.20) and there was no statistically significant difference in admission temperatures based on delivery room type (P ¼ 0.87). One infant had an admission temperature >37.5 1C on admission. The infant was randomized to the mattress group.
Discussion
The data in this trial indicate that thermal mattresses improve the admission temperature of ELGANs over plastic wrap. Admission temperature was not significantly correlated with any other continuous study variable, including delivery room temperature. There was also no evidence of a difference in mean admission temperature by categorical variables (that is, delivery room type, maternal infection, intraventricular hemorrhage, necrotizing enterocolitis and bronchopulmonary dysplasia).
ELGANs remain vulnerable at birth to hypothermia with associated increased morbidity and mortality even when current Neonatal Resuscitation Program recommendations are used. Hypothermia has been shown to be an independent risk factor for morbidity and mortality. 2 Recent study of polyethylene occlusive wrap immediately after delivery of small preterms or application of a transwarming mattress has shown a decrease in the incidence of hypothermia and an increase in the temperature on Exothermic mattresses vs polyethylene wrap in resuscitation P Simon et al admission. [8] [9] [10] [11] [12] [13] [14] [15] 21 Up to the point of our study, no group had compared the effectiveness of both interventions.
A few limitations existed with this single center trial. Of note, minor difficulties occurred with the polyethylene wrap during resuscitations. When the pulse oximeter was not receiving a reliable signal from the patient, the probe would need to be adjusted, necessitating brief opening of the wrap. In difficult resuscitations, the wrap sometimes was displaced briefly when chest compressions were needed. In addition, auscultation of heart sounds was sometimes challenging with the plastic wrap. Loss of heat may have occurred during these brief periods when the Neowrap was opened or displaced. Use of a polyethylene bag rather than the sheet may have prevented some of the problems and may have eliminated some of the variability of use between practitioners. The Infatherm mattresses allowed direct access to the patient with clear visibility during difficult resuscitations when respiratory and cardiovascular stability needed to be achieved. With the mattress, the variation of use from different practitioners was probably less than that with the polyethylene sheet. Ease of use may favor the use of the mattress over polyethylene sheets.
Economic factors may favor the use of a particular device in certain circumstances. Polyethylene sheets are somewhat cheaper than the transwarming mattresses. Currently, the cost of one sheet of Neowrap is $2.36 (box of 25 individually wrapped ¼ $59/box). The cost of one Infatherm mattress is $14.52 (6 per case ¼ $87.12/case).
Of note, prevention of admission hypothermia was not achieved with either device during the study period for a moderate number of patients. Other factors (that is, delivery room temperature) may likely have an important role in the prevention of hypothermia and should be examined specifically in future trials. In addition, the additive effect of both devices for thermal defense needs to be explored.
Conclusion
In this study, we found that the use of a thermal mattress during resuscitation improves the admission temperature of ELGANs over polyethylene occlusive wrap. Although both plastic wrap and thermal mattresses improve the thermal status of ELGANs, all current interventions fall short of truly protecting all these vulnerable patients from thermal stress.
